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©  A  method  and  apparatus  for  introducing  an  ad- 
ditive  material  into  a  metallurgical  sample.  In  a  pre- 
ferred  embodiment,  the  method  and  apparatus  of  the 
present  invention  comprises  introducing  a  stabilizer, 
for  example,  tellurium  and/or  bismuth,  into  a  met- 
allurgical  sample  of  cast  iron  or  blast  furnace  hot 
metal  to  induce  white  solidification  comprising  a 
probe  having  a  generally  enclosed  sample  cavity 
and  a  conduit  extending  from  the  cavity  for  receiving 
a  flow  of  molten  metal  for  collection  in  the  cavity.  A 
distribution  member  proximate  the  conduit  is  em- 
ployed  for  inserting  a  predetermined  quantity  of  the 
additive  material  at  a  predetermined  rate  into  the 
molten  metal  flowing  through  the  conduit  so  that  the 
additive  material  is  homogeneously  distributed 
throughout  the  molten  metal  within  the  sample  cav- 
ity. 
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METHOD  AND  APPARATUS  FOR  INTRODUCING  UNIFORM  QUANTITIES  OF  A  MATERIAL  INTO  A  MET- 
ALLURGICAL  SAMPLE 

The  problem  associated  with  this  type  of  ap- 
proach  is  that  the  sample  obtained  may  not  be 
uniformly  white  throughout.  I.e.,  within  the  same 
sample,  there  may  be  obtained  a  white  or  chilled 

5  surface  layer,  a  mottled  transition  zone  having  both 
graphite  and  carbide  structures  and  a  gray  iron 
interior.  The  depth  of  the  white  chilled  surface  layer 
may  also  vary,  depending  upon  the  particular  metal 
composition  and  cast  temperature,  the  structure 

w  and/or  heat  capacity  of  the  chilling  plates  or  the 
cavity  structure.  For  example,  graphite  formation 
promoters  within  the  molten  metal  and  variations  in 
the  temperature  of  the  molten  metal  at  the  time  of 
sampling  may  cause  variations  in  the  amount  of 

75  white  chilled  iron  obtained.  Each  individual  met- 
allurgical  sample  must  be  separately  prepared  for 
analysis  after  solidification,  for  example,  by  the 
surface  grinding  of  at  least  a  portion  of  the  sample 
for  spectrometric  or  x-ray  fluorescence  analysis.  If 

20  the  depth  of  the  white  chill  layer  in  the  sample  is 
insufficient  to  provide  a  white  chilled  structure  after 
the  grinding  and  polishing  steps,  significant  errors 
in  the  sample  analysis  may  occur. 

It  is  generally  known  in  the  art  that  various 
25  alloying  elements  may  be  used  as  stabilizing  ad- 

ditives  or  stabilizers  to  enhance  the  tendency  of 
gray  iron  to  solidify  as  white  iron.  Such  alloying 
elements  have  been  used  in  sampling  devices  and 
sensors,  such  as  phase  detecting  thermal  analysis 

30  solidification  cups,  to  promote  white  solidified  iron. 
In  addition,  U.S.  Patent  3,546,921  discloses  a 
method  of  producing  the  white  chilled  structure  by 
introducing  such  a  stabilizing  additive  for  retarding 
primary  graphite  formation  as  the  molten  metal 

35  sample  cools.  This  stabilizing  additive  is  generally 
selected  from  one  or  more  elements  of  bismuth, 
boron,  cerium,  lead,  magnesium  and  tellurium. 

There  are  a  number  of  inherent  problems  asso- 
ciated  with  the  existing  methods  employed  for  add- 

40  ing  any  of  the  aforementioned  stabilizing  additives 
to  a  molten  metal  sample  for  promoting  white  so- 
lidification.  For  example,  it  is  generally  necessary 
to  insure  that  an  adequate  amount  of  the  stabilizer 
is  present  in  the  molten  metal  sample  to  promote 

45  the  formation  of  the  white  iron  over  a  full  range  of 
sampling  temperatures  and  chemistries,  as  men- 
tioned  in  U.S.  Patent  4,059,996.  If  the  temperature 
of  the  molten  metal  is  too  high,  some  or  all  of  the 
stabilizer  may  burn  or  vaporize,  resulting  in  a  low 

50  efficiency  of  the  additive  and  hence,  only  partial 
white  solidification.  If  the  molten  metal  sampling 
temperature  is  too  low,  the  sample  may  solidify 
before  becoming  thoroughly  mixed  with  the  stabi- 
lizer,  again  resulting  in  only  partial  white  solidifica- 

Background  of  the  Invention 

The  present  invention  relates  to  a  method  and 
apparatus  for  introducing  a  material  into  a  sample 
of  molten  metal.  More  specifically,  the  present  in- 
vention  relates  to  a  method  and  apparatus  for  in- 
troducing  a  carbide  stabilizer,  such  as  tellurium 
and/or  bismuth  into  a  metallurgical  sample  of  cast 
iron  or  blast  furnace  hot  metal  and  for  homoge- 
neously  distributing  the  stabilizer  throughout  the 
sample  to  induce  white  solidification. 

During  the  processing  of  metal  making,  and  in 
particular,  during  the  molten  processing  of  cast  iron 
or  blast  furnace  hot  metal,  it  is  often  desirable  to 
obtain  samples  of  the  metals  for  subsequent  met- 
allurgical  analysis  for  ascertaining  the  precise 
chemical  composition  of  the  metal.  With  respect  to 
certain  grades  of  cast  iron  containing  high  con- 
centrations  of  carbon  and/or  silicon  and  phospho- 
rus,  and  especially  blast  furnace  produced  hot  met- 
al,  the  resulting  solidified  structure  of  a  metallur- 
gical  sample  will  generally  be  in  a  form  known  in 
the  industry  as  "gray  iron".  Gray  iron  refers  to  iron 
having  enhanced  graphite  formation.  Under  certain 
circumstances,  it  is  desirable  for  the  metallurgical 
sample  to  have  a  "chilled"  structure,  also  known  in 
the  industry  as  "white"  iron.  White  iron  refers  to 
iron  having  enhanced  carbide  formation,  and  the 
process  of  forming  white  iron  is  called  white  solidi- 
fication.  A  multitude  of  devices  for  collecting  sam- 
ples  from  a  bath  of  molten  metal  have  been  pro- 
posed  heretofore.  A  typical  device  comprises  a 
molten  metal  sample  cavity  or  chamber,  construct- 
ed  from  a  suitable  refractory  material,  such  as 
foundry  sand  and  cement.  U.S.  Patent  3,452,602 
discloses  a  typical  collection  device  comprising  a 
generally  tubular  conduit  extending  from  the  sam- 
pling  cup  or  chamber,  and  is  incorporated  herein 
by  reference.  Upon  insertion  of  the  probe  into  a 
bath  of  molten  metal,  the  molten  metal  is  conveyed 
to  the  sampling  cup  or  chamber  via  the  conduit. 

It  is  generally  well  known  in  the  industry  that  a 
molten  metal  sample  which  would  normally  solidify 
as  gray  iron  may  be  caused  to  solidify  as  white 
iron  by  using  heavy  cooling  plates  or  particular 
sample  cavity  shapes  of  molten  metal  in  the  con- 
struction  of  the  molten  metal  sampling  chamber 
which  promote  white  solidification.  By  using  such 
cooling  plates  or  cavity  shapes,  there  is  caused  a 
generally  rapid  rate  of  solidification  of  the  molten 
metal  sample,  promoting  a  white  solidification 
structure.  It  is  this  rapid  cooling  process  which 
gives  rise  to  the  term  "chilled  iron"  when  referring 
to  white  iron. 
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cavity  so  that  the  additive  material  is  homoge- 
neously  distributed  throughout  the  molten  metal 
within  the  sample  cavity.  In  a  preferred  embodi- 
ment,  the  opening  comprises  a  conduit  extending 

5  from  the  sample  cavity,  the  distribution  means  be- 
ing  proximate  the  conduit. 

In  another  preferred  embodiment,  the  distribu- 
tion  means  comprises  a  cap  member  secured  to 
the  probe  and  covering  at  least  a  portion  of  the 

10  opening,  the  cap  member  comprising  a  first  layer 
of  material  having  a  first  predetermined  melting 
temperature,  the  first  layer  of  material  having  first 
and  second  surfaces,  the  first  surface  engaging  the 
probe;  a  second  layer  formed  of  an  additive  ma- 

75  terial,  the  additive  material  layer  having  first  and 
second  surfaces,  the  first  surface  engaging  the 
second  surface  of  the  first  layer  of  material;  and  a 
third  layer  of  material  having  a  second  predeter- 
mined  melting  temperature,  the  third  layer  of  ma- 

20  terial  having  first  and  second  surfaces,  the  first 
surface  engaging  the  second  surface  of  the  ad- 
ditive  material  layer  so  that  the  additive  material 
layer  is  generally  enclosed  between  the  first  and 
third  material  layers,  the  first  and  second  predeter- 

25  mined  temperatures  being  selected  so  that  the  flow 
of  molten  metal  through  the  opening  admixes  or 
alloys  with  the  molten  metal  the  first  and  third 
material  layers  at  a  predetermined  rate  to  expose 
the  additive  material  layer  at  a  predetermined  rate 

30  to  the  molten  metal  flowing  through  the  opening 
whereby  the  additive  material  is  alloyed  into  the 
molten  metal  flowing  through  the  opening  at  a 
controlled  rate  to  provide  the  homogeneous  dis- 
tribution  of  the  additive  material  throughout  the 

35  molten  metal  within  the  sample  cavity.  Further- 
more,  the  opening  preferably  comprises  a  conduit 
extending  from  the  sample  cavity,  the  cap  member 
covering  at  least  a  portion  of  the  conduit. 

40  Brief  Description  of  the  Drawings 

The  foregoing  summary,  as  well  as  the  follow- 
ing  detailed  description,  will  be  better  understood 
when  read  in  conjunction  with  the  appended  draw- 

45  ing.  For  the  purpose  of  illustrating  the  invention, 
there  is  shown  in  the  drawing  embodiments  which 
are  presently  preferred;  it  being  understood,  how- 
ever,  that  this  invention  is  not  limited  to  the  precise 
arrangements  and  instrumentality  shown. 

50 
In  the  Drawings: 

T\g.  1  is  a  sectional  view  of  a  "portion  of  an 
apparatus  for  sampling  molten  metal  in  accor- 
dance  with  a  presently  preferred  embodiment  of 

55  the  invention; 
Figs.  2  and  3  are  sectional  views  of  the  appara- 
tus  of  Fig.  1  demonstrating  the  sequential  melt- 
ing  of  the  cap  member  by  a  flow  of  molten 

tion. 
In  addition,  the  stabilizer  must  be  added  in  a 

manner  providing  generally  uniform  distribution  of 
the  stabilizer  through  the  body  of  the  sampling 
device.  This  uniform  distribution  is  necessary  to 
obtain  a  total  white  solidified  cross  section.  Similar 
problems  in  the  addition  of  deoxidants  in  molten 
steel  sampling  have  been  addressed  in  U.S.  Patent 
4,037,478. 

The  present  invention  addresses  the  prior  art 
problems  of  obtaining  generally  fully  chill  promoted 
white  solidified  molten  metal  samples  and  in  ho- 
mogeneously  distributing  a  stabilizing  additive 
throughout  a  molten  metal  sample  by  providing  a 
mechanism  for  releasing  a  controlled  amount  of 
stabilizer  into  a  sample  of  molten  metal  as  it  flows 
into  the  sample  cavity  without  major  modifications 
to  any  existing  sampling  device. 

The  present  invention  achieves  the  desired  re- 
sult  by  sandwiching  the  stabilizing  additive  be- 
tween  two  layers  of  a  melting  material  which  melts 
at  a  known  rate  or  by  alloying  or  admixing  the 
stabilizing  additive  with  a  melting  material  which 
melts  at  a  known  rate  to  provide  a  single  layer 
device.  The  melting  material  may  be  a  material 
having  a  high  melting  temperature,  a  low  melting 
temperature  or  a  temperature  therebetween.  Prefer- 
ably,  the  melting  material  is  a  high  melting  tem- 
perature  material,  such  as  low  carbon  steel.  Upon 
immersion  of  the  sandwich  device  into  a  molten 
metal  bath,  the  two  layers  admix  or  alloy  with  the 
molten  metal  at  a  controlled  rate  to  expose  the 
stabilizing  additive  to  the  molten  metal  flowing  into 
the  sample  cavity.  Upon  immersion  of  the  single 
layer  device  into  a  molten  metal  bath,  the  layer 
admixes  or  alloys  with  the  molten  metal  at  a  con- 
trolled  rate  to  alloy  the  stabilizing  additive  with  the 
molten  metal  flowing  into  the  sample  cavity.  The 
sandwich  device  and  the  single  layer  device  are 
comprised  of  a  cap  member  which  is  small  enough 
to  be  located  at  the  inlet  or  sampling  chamber 
apparatus  in  the  same  manner  as  a  protective  inlet 
cap  member  which  is  currently  used  in  prior  art 
sampling  devices. 

Summary  of  the  Invention 

Briefly  stated,  one  aspect  of  the  present  inven- 
tion  relates  to  an  apparatus  and  method  for  sam- 
pling  molten  metal  comprising  a  probe  having  a 
generally  enclosed  sample  cavity  with  an  opening 
such  that  upon  immersion  of  the  probe  into  the 
molten  metal  a  portion  of  the  molten  metal  flows 
through  the  opening  for  collection  within  the  sam- 
ple  cavity.  Distribution  means  are  provided  proxi- 
mate  the  opening  for  inserting  a  predetermined 
quantity  of  an  additive  material  at  a  predetermined 
rate  into  the  molten  metal  flowing  into  the  sample 
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cap  member  16  secured  to  the  outer  surface  of  the 
probe  or  to  the  conduit  12  (not  shown)  and  cover- 
ing  at  least  a  portion  of  the  metal  entrance  end  13 
of  the  conduit  12.  The  cap  member  is  generally 

5  formed  from  a  first  material  layer  18,  a  second 
additive  material  or  stabilizer  layer  20  and  a  third 
material  layer  22. 

The  first  layer  of  material  18  includes  first  and 
second  surfaces,  the  first  surface  engaging  the 

w  probe  proximate  the  entrance  end  of  the  conduit 
12.  The  additive  or  stabilizer  layer  20  includes  first 
and  second  surfaces,  the  first  surface  engaging  the 
second  surface  of  the  first  layer  of  material  18.  The 
third  layer  of  material  22  also  includes  first  and 

15  second  surfaces,  the  first  surface  engaging  the 
second  surface  of  the  stabilizer  layer  20  and  the 
second  surface  being  generally  exposed. 

Fig.  1  illustrates  that  these  three  layers  18,  20 
and  21  generally  form  a  sandwich  arrangement  in 

20  which  the  stabilizer  layer  20  is  generally  surround- 
ed  by  or  enclosed  by  the  other  two  layers  18  and 
22.  In  the  present  embodiment,  the  cap  member 
16  is  generally  circular  in  plan  view  to  conform  to 
the  generally  tubular  shape  of  the  conduit  12.  How- 

25  ever,  as  with  the  conduit  12  and  the  sample  cavity 
14,  it  is  within  the  scope  of  the  present  invention  to 
modify  the  size  and  shape  of  the  cap  member  10 
sandwich  arrangement  to  accommodate  or  conform 
to  any  size  or  geometry  of  the  conduit  12  without 

30  departing  from  the  scope  of  the  present  invention. 
Fig.  1  further  illustrates  that  the  cap  member 

16  generally  surrounds  the  entrance  end  of  the 
conduit  12  so  that  molten  metal  flowing  through  the 
conduit  12  flows  through  a  flow  path  formed  of  a 

35  generally  circular  aperture  or  opening  24  extending 
through  the  cap  member  16  generally  perpendicu- 
lar  to  the  first  material  layer  18,  the  second  stabi- 
lizer  layer  20  and  the  third  material  layer  22.  The 
cap  member  16  is  preferably  initially  formed  with 

40  the  aperture  24  extending  generally  through  its 
radial  center  with  the  dimension  or  diameter  of  the 
aperture  24  being  smaller  than  the  dimension  or 
diameter  of  the  conduit  12. 

The  first  layer  of  material  18  preferably  has  a 
45  first  predetermined  melting  temperature  and  the 

third  layer  of  material  22  preferably  has  a  second 
predetermined  melting  temperature.  Preferably,  the 
first  layer  18  and  the  third  layer  22  are  formed  of 
the  same  material  and  therefore  the  first  predeter- 

50  mined  melting  temperature  and  the  second  pre- 
determined  melting  temperature  are  generally  the 
same. 

In  the  present  embodiment,  the  first  and  third 
material  layers  18  and  22  comprise  a  high  melting 

55  metallic  material,  such  as  low  carbon  steel.  How- 
ever,  these  layers  could  be  formed  of  any  other 
suitable  metallic  material,  for  example,  aluminum  or 
any  other  suitable  nonmetallic  material,  for  exam- 

metal; 
Fig.  4  is  a  sectional  view  of  a  portion  of  an 
apparatus  for  sampling  molten  metal  in  accor- 
dance  with  an  alternate  embodiment  of  the  in- 
vention;  and 
Fig.  5  is  a  sectional  view  of  a  portion  of  an 
apparatus  for  sampling  molten  metal  in  accor- 
dance  with  another  alternate  embodiment  of  the 
invention. 

Detailed  Description  of  the  Preferred  Embodi- 
ments 

Referring  to  the  drawings,  wherein  like  numer- 
als  refer  to  like  elements  throughout  the  several 
views,  Fig.  1  illustrates  a  cross-sectional  view  of  a 
portion  of  a  first  embodiment  of  an  apparatus  10 
for  sampling  molten  metal. 

The  apparatus  10  represents  a  probe  compris- 
ing  a  generally  tubular  conduit  12  extending  from  a 
generally  enclosed  sample  cavity  14  which  is  de- 
fined  by  sample  cavity  shell  15  and  is  generally 
circular  in  cross-section  in  a  manner  well  known  in 
the  art.  The  apparatus  10  provides  a  means  of 
sampling  and  collecting  molten  metal  from  a  mol- 
ten  metal  bath  for  solidification  and  subsequent 
analysis  also  in  a  manner  well  known  in  the  art. 
The  apparatus  10  may  be  immersed  into  a  bath  of 
molten  metal,  thereby  allowing  a  portion  of  the 
molten  metal  to  flow  through  the  conduit  12  and 
into  the  sample  cavity  14.  The  size  and  shape  of 
the  conduit  12  and  the  sample  cavity  14  and  the 
material  from  which  the  conduit  12  and  the  sample 
cavity  shell  15  are  formed  are  well  known  in  the  art 
and  therefore  will  not  be  discussed  in  detail  herein 
since  such  information  is  not  necessary  for  a  com- 
plete  understanding  of  the  present  invention. 

A  distribution  means  is  installed  on  the  probe, 
in  the  present  embodiment  proximate  the  conduit 
12,  as  depicted  in  Fig.  1.  The  distribution  means  is 
employed  for  inserting  a  predetermined  quantity  of 
an  additive  material  or  stabilizer  material,  capable 
of  alloying  with  molten  metal,  for  example,  an  ele- 
ment,  such  as  tellurium  (Te),  bismuth  (Bi),  boron 
(B),  cerium  (Ce),  lead  (Pb)  or  magnesium  (Mg),  at 
a  predetermined  rate  into  the  molten  metal  flowing 
through  the  conduit  12  and  into  the  sample  cavity 
14  so  that  the  additive  material  is  generally  ho- 
mogeneously  distributed  throughout  the  metal  with- 
in  the  sample  cavity  14.  Preferably,  the  material 
comprises  a  stabilizer  or  stabilizing  additive  for 
promoting  white  chilled  solidification  of  the  molten 
metal  sample.  As  previously  discussed,  an  even  or 
homogeneous  distribution  of  the  stabilizer  results  in 
the  creation  of  a  generally  uniform  or  total  white 
solidification  cross  section  of  the  sample  when 
solidified. 

In  the  present  or  first  preferred  embodiment  of 
the  invention,  the  distribution  means  comprises  a 
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rate  to  thereby  expose  the  stabilizer  layer  22  to  the 
molten  metal  flowing  through  the  aperture  24  and 
the  conduit  12  for  collection  within  the  sample 
cavity  14. 

5  The  stabilizer  layer  20  is  comprised  of  a  sub- 
stance  which  promotes  carbide  formation  in  molten 
metal.  In  the  preferred  embodiment,  the  stabilizer 
layer  20  comprises  tellurium  (Te).  Alternatively,  the 
stabilizer  layer  20  could  comprise  bismuth  (Bi),  a 

10  combination  of  tellurium  and  bismuth,  or  any  other 
known  stabilizer  element  or  any  combination  of 
such  elements. 

The  amount  of  the  stabilizer  to  be  added  to  the 
molten  metal  in  the  sample  cavity  is  an  amount 

75  effective  to  promote  carbide  formation  in  the  mol- 
ten  metal  sample. 

Preferably,  the  amount  of  the  stabilizer  to  be 
added  to  a  sample  of  molten  metal  in  the  sample 
cavity  14  is  about  0.100%  by  weight.  However,  one 

20  skilled  in  the  art  would  recognize  that  the  amount 
of  the  stabilizer  to  be  added  to  the  molten  metal 
sample  to  promote  carbide  formation  in  the  molten 
metal  sample  is  variable  and  is  a  function  of  the 
molten  metal  sampling  temperature,  the  stabilizer 

25  added  to  the  molten  metal  and,  in  general,  the  iron 
chemistry  of  the  molten  metal  sample.  Hence,  the 
amount  of  the  stabilizer  to  be  added  to  the  molten 
metal  sample  may  be  greater  than  or  less  than 
0.100%  by  weight.  For  example,  a  stabilizer  of  at 

30  least  0.02%  by  weight  has  been  shown  to  be 
effective.  One  skilled  in  the  art  would  also  recog- 
nize  that  an  alloy  of  tellurium  and/or  bismuth  could 
be  used  such  that  the  amount  of  the  stabilizing 
tellurium  and/or  bismuth  added  to  the  molten  metal 

35  sample  is  generally  around  0.100%  by  weight.  For 
example,  an  iron/tellurium  alloy  (50%  by  weight 
iron/50%  by  weight  tellurium),  having  a  total  weight 
of  about  0.2  g  may  be  added  to  about  a  100  g 
sample  of  molten  metal.  In  this  manner,  about  0.1 

40  g  of  tellurium  has  been  added  to  about  100  g  of 
molten  metal,  thereby  obtaining  the  preferred 
0.100%  by  weight  of  stabilizer.  Alternatively,  a  sta- 
bilizer  layer  20  comprising  a  bismuth/lead  alloy 
which  is  ductile  enough  to  provide  a  thin  preformed 

45  wafer  to  be  sandwiched  between  the  first  material 
layer  18  and  the  third  material  layer  22  may  be 
used. 

Subsequent  analysis  of  samples  obtained  by 
the  above  method  have  indicated  an  efficiency  of 

50  addition  to  be  approximately  80%.  One  skilled  in 
the  art  would  recognize  that  recovery  of  the  alloy, 
directly  proportional  to  the  efficiency  of  addition,  is 
that  part  of  the  addition  which  effects  stabilization. 
The  amount  of  desired  alloy  recovery  to  effect  total 

55  white  solidification  is  a  function  of  other  factors 
described  earlier,  such  as  metal  composition,  sam- 
pling  temperature,  etc.  Having  a  method  for  con- 
trolled  release  of  an  alloy  at  a  repeatable  efficiency 

pie,  a  polymeric  material,  having  a  desired  melting 
temperature.  In  addition,  the  sandwich  arrangement 
or  single  layer  arrangement  of  the  present  inven- 
tion  may  be  used  to  introduce  an  element  other 
than  a  stabilizing  additive  into  the  molten  metal 
sample.  In  the  sandwich  arrangement,  the  first  lay- 
er  18  and  third  layer  22  may  comprise  a  material, 
for  example,  aluminum,  having  a  lower  melting 
temperature  than  the  melting  temperature  of  low 
carbon  steel. 

Alternatively,  the  first  layer  18  may  comprise  a 
material,  for  example,  aluminum,  and  the  third  layer 
22  may  comprise  a  different  material,  for  example, 
low  carbon  steel  or  a  polymeric  material.  This 
arrangement  may  be  used,  for  example,  for  al- 
loying  aluminum,  in  the  form  of  first  layer  18,  into 
the  molten  metal  sample.  In  this  manner,  the  quan- 
tity  of  aluminum  to  be  alloyed  into  the  molten  metal 
sample  may  be  adjusted  by  varying  the  thickness 
of  the  first  layer  1  8. 

When  the  first  and  third  material  layers  1  8  and 
22  comprise  a  high  melting  metallic  material,  such 
as  low  carbon  steel,  the  rate  of  melting  and  al- 
loying  of  the  first  material  layer  18  and  the  third 
material  layer  22  with  the  molten  metal  is  depen- 
dent  upon  the  rate  of  carbon  diffusion  from  the 
molten  metal  to  the  layers  18  and  22,  since  low 
carbon  steel  has  a  higher  melting  temperature  than 
iron,  thereby  lowering  the  melting  temperature  of 
the  cap  member  16  to  that  of  the  molten  metal 
bath.  The  first  predetermined  melting  temperature 
and  the  second  predetermined  melting  temperature 
may  be  higher  or  lower  than  the  melting  tempera- 
ture  of  the  molten  metal  to  be  sampled. 

When  the  first  and  third  material  layers  18  and 
22  comprise  a  nonmetallic  melting  material,  such 
as  a  polymeric  material,  the  first  material  layer  18 
and  the  third  material  layer  22  melt  and  admix  with 
the  molten  metal  when  the  first  and  third  material 
layers  contact  the  molten  metal.  The  first  predeter- 
mined  melting  temperature  and  the  second  pre- 
determined  melting  temperature  may  be  higher  or 
lower  than  the  melting  temperature  of  the  molten 
metal  to  be  sampled.  However,  in  the  case  of  a 
polymeric  material,  the  first  and  second  predeter- 
mined  melting  temperatures  are  generally  lower 
than  the  temperature  of  the  molten  metal  to  be 
sampled. 

Preferably,  the  first  predetermined  melting  tem- 
perature  and  the  second  predetermined  melting 
temperature  are  slightly  higher  than  the  tempera- 
ture  of  the  molten  metal  to  be  sampled.  In  this 
manner,  when  the  probe  is  inserted  into  the  molten 
metal,  the  molten  metal  flowing  through  the  ap- 
erture  24  and  the  conduit  12  causes  portions  of  the 
first  material  layer  18  and  the  third  material  layer 
22  proximate  the  aperture  24  to  melt  and  alloy 
and/or  admix  with  the  molten  metal  at  a  controlled 
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the  molten  metal.  The  melting  of  the  raised  bump 
27  results  in  the  creation  of  an  aperture  (not 
shown)  through  the  cap  member  26  and  provides 
the  same  results  as  discussed  above  with  respect 

5  to  the  embodiment  of  Fig.  1. 
Fig.  5  illustrates  another  alternate  embodiment 

of  the  present  invention.  In  Fig.  5,  as  in  the  pre- 
vious  embodiments,  the  distribution  means  com- 
prises  a  cap  member  36.  Also  as  in  the  previous 

io  embodiments,  Fig.  5  illustrates  that  the  cap  mem- 
ber  comprises  several  layers,  generally  forming  a 
sandwich  arrangement.  However,  in  the  arrange- 
ment  of  Fig.  5,  the  cap  member  36  comprises  two 
generally  parallel  layers  40  and  42  of  material  to  be 

75  introduced  into  the  molten  metal  sample.  The  lay- 
ers  40  and  42  may  be  of  the  same  material  or  may 
each  be  a  different  material.  For  example,  the  layer 
40  may  comprise  tellurium  and  the  layer  42  may 
comprise  bismuth.  Alternatively,  the  layers  40  and 

20  42  may  comprise  an  alloy  of  tellurium  or  bismuth 
or  any  other  such  elements,  as  set  forth  above. 

Moreover,  if  one  of  the  two  layers  40  and  42, 
for  example,  the  layer  40  is  a  stabilizing  additive, 
for  example,  tellurium,  the  other  layer,  for  example, 

25  the  layer  42  may  comprise  a  material  other  than 
tellurium  or  bismuth,  for  example,  aluminum.  Alu- 
minum  is  both  a  deoxidant  and  a  graphite  promoter 
as  opposed  to  a  carbide  stabilizer  which  promotes 
a  white  chilled  structure  of  the  molten  metal  sam- 

30  pie.  Adding  a  deoxidant  to  a  sample  of  molten 
metal,  such  as  aluminum,  generally  results  in  a 
metal  sample  having,  after  solidification,  a  lower 
sample  porosity.  Such  a  lower  porosity  sample  is 
generally  easier  to  grind  and  polish  when  preparing 

35  the  sample  for  analysis. 
If,  for  example,  the  layer  42  comprises  alu- 

minum,  the  amount  of  the  layer  40  stabilizing  ad- 
ditive,  for  example,  tellurium,  to  be  added  to  the 
molten  metal  sample  is  necessarily  increased.  This 

40  increased  amount  of  tellurium  to  be  added  to  the 
molten  metal  sample  compensates  for  the  reduced 
chilling  effect  of  aluminum  on  the  molten  metal 
sample. 

Although  not  illustrated,  an  alternate  embodi- 
45  ment  of  the  distribution  means  of  the  present  in- 

vention  may  comprise  a  single  layer  device  as 
opposed  to  the  aforementioned  sandwich  devices. 
This  single  layer  device  also  provides  the  desired 
timed  release  of  the  molten  metal  stabilizing  ma- 

so  terial.  In  this  embodiment,  the  distribution  means 
preferably  comprises  a  cap  member  comprised  of 
a  single  layer.  This  layer  may  be  an  alloy  of  a  high 
melting  metallic  material,  for  example,  low  carbon 
steel  and  a  stabilizing  additive  material,  for  exam- 

55  pie,  tellurium.  Alternatively,  the  single  layer  may 
comprise  an  alloy  of  any  other  suitable  melting 
metallic  material,  for  example,  aluminum,  and  a 
stabilizing  additive  material.  Additionally,  the  single 

allows  the  tailoring  of  the  sample  device  in  terms  of 
stabilizer  added  to  match  the  conditions  of  sam- 
pling. 

In  addition,  the  tellurium  and  bismuth  and  their 
respective  alloys  may  be  in  a  granular  or  powdered 
form.  Preferably,  the  tellurium  and  bismuth  and 
their  respective  alloys  are  in  powdered  form,  facili- 
tating  the  alloying  and  even  distribution  of  the 
tellurium  and  bismuth  throughout  the  molten  metal 
sample. 

Figs.  2  and  3  together  illustrate  the  method  of 
operation  of  the  embodiment  of  the  present  inven- 
tion  shown  in  Fig.  1. 

Molten  metal  is  collected  by  immersing  ap- 
paratus  10  into  a  molten  metal  bath  (not  shown). 
Fig.  2  illustrates  the  cap  member  16  after  molten 
metal  has  just  begun  to  flow  through  the  aperture 
24  and  the  conduit  12.  The  flow  of  the  molten 
metal  through  the  conduit  12  via  the  aperture  24 
admixes  and/or  alloys  with  the  molten  metal  the 
portion  of  the  first  material  layer  18  and  the  third 
material  layer  22  proximate  the  aperture  24  at  a 
predetermined  rate  to  expose  the  stabilizer  layer 
20  at  a  predetermined  rate  to  the  molten  metal 
flowing  through  the  conduit  12.  In  this  manner,  the 
stabilizer  layer  20  is  alloyed  with  the  molten  metal 
flowing  through  the  conduit  12  at  a  predetermined 
rate  related  to  the  molten  metal  flow  rate  to  provide 
a  homogeneous  distribution  of  the  stabilizer  ma- 
terial  throughout  the  molten  metal  within  the  sam- 
ple  cavity  14.  Fig.  3  illustrates  the  cap  member  16 
after  additional  molten  metal  has  flowed  through 
the  conduit  12  after  the  time  illustrated  in  Fig.  2.  As 
Fig.  2  and  Fig.  3  illustrate,  the  cross-sectional  di- 
mension  of  the  aperture  24  in  the  cap  member  16 
while  being  initially  smaller  than  the  cross-sectional 
dimension  of  the  conduit  12,  increases  in  dimen- 
sion  as  the  molten  metal  flows  through  the  conduit 
12. 

Fig.  4  illustrates  an  alternate  embodiment  of 
the  distribution  means  which  provides  the  desired 
timed  release  of  the  molten  metal  stabilizing  ma- 
terial.  As  in  the  aforementioned  preferred  embodi- 
ment,  the  distribution  means  preferably  comprises 
a  cap  member  26  comprised  of  the  same  three 
layers.  The  first  material  layer  28  and  the  third 
material  layer  32  are  generally  parallel  to  each 
other  and  form  a  raised  bump  27  generally  in  the 
center  of  the  cap  member  26.  Fig.  4  further  illus- 
trates  that  the  first  material  layer  28,  the  second 
stabilizer  layer  30  and  the  third  material  layer  32 
are  contiguous  throughout  the  non-raised  portion 
and  generally  provide  a  cap  member  26  that  ini- 
tially  completely  covers  the  conduit  34,  prior  to 
immersing  apparatus  into  the  molten  metal  bath. 
The  raised  bump  27  functions  as  an  initial  starting 
location  for  the  melting  and  alloying  and/or  admix- 
ing  with  the  molten  metal  of  the  cap  member  26  by 



EP  0  436  063  A1 12 11 

a  second  layer  formed  of  an  additive  material, 
the  additive  layer  having  first  and  second  sur- 
faces,  the  first  surface  engaging  the  second 
surface  of  the  first  layer  of  material;  and 
a  third  layer  of  material  having  a  second  pre- 
determined  melting  temperature,  the  third  layer 
of  material  having  first  and  second  surfaces, 
the  first  surface  engaging  the  second  surface 
of  the  additive  layer  so  that  the  additive  layer 
is  generally  enclosed  between  the  first  and 
third  material  layers,  the  first  and  second  pre- 
determined  temperatures  being  selected  so 
that  the  flow  of  molten  metal  through  the  open- 
ing  admixes  or  alloys  with  the  molten  metal  the 
first  and  third  material  layers  at  a  predeter- 
mined  rate  to  expose  the  additive  layer  at  a 
predetermined  rate  to  the  molten  metal  flowing 
through  the  opening  whereby  the  additive  is 
alloyed  into  the  molten  metal  flowing  through 
the  opening  at  a  controlled  rate  to  provide  the 
homogeneous  distribution  of  the  additive 
throughout  the  molten  metal  within  the  sample 
cavity. 

5.  The  apparatus  according  to  claim  4  wherein 
the  opening  comprises  a  conduit  extending 
from  the  sample  cavity,  the  cap  member  cov- 
ering  at  least  a  portion  of  the  conduit. 

6.  The  apparatus  according  to  claim  4  wherein 
the  first  and  second  predetermined  melting 
temperatures  are  the  same. 

7.  The  apparatus  according  to  claim  4  wherein 
the  first  and  second  predetermined  melting 
temperatures  are  generally  higher  than  the 
temperature  of  the  molten  metal  so  that  the 
first  and  third  material  layers  melt  at  a  con- 
trolled  rate. 

layer  may  comprise  an  admixture  of  a  nonmetallic 
material,  for  example,  a  polymeric  material  and  a 
stabilizing  additive  material.  The  melting  and  al- 
loying  and/or  admixing  of  the  single  layer  cap 
member  with  the  molten  metal  is  then  performed  in 
a  fashion  similar  to  the  aforementioned  preferred 
embodiments. 

From  the  foregoing  description  and  the  appen- 
ded  drawing,  it  can  be  seen  that  the  present  inven- 
tion  comprises  an  apparatus  and  method  for  ho- 
mogeneously  distributing  an  additive  material,  such 
as  a  stabilizer  through  a  metal  sample  within  a 
sample  cavity.  It  will  be  recognized  by  those  skilled 
in  the  art  that  the  above-described  embodiments 
are  merely  illustrative  of  one  form  of  the  invention 
and  that  the  invention  may  be  embodied  in  other 
specific  forms  without  departing  from  the  spirit  or 
essential  attributes  thereof.  Therefore,  reference 
should  be  made  to  the  appended  claims,  rather 
than  to  the  foregoing  specification  as  indicating  the 
scope  and  spirit  of  the  invention. 

Claims 

1.  In  an  apparatus  for  sampling  molten  metal 
comprising  a  probe  having  a  generally  en- 
closed  sample  cavity  with  an  opening  such 
that  upon  immersion  of  the  probe  into  the 
molten  metal  a  portion  of  the  molten  metal 
flows  through  the  opening  for  collection  within 
the  sample  cavity  wherein  the  improvement 
comprises: 
distribution  means  proximate  the  opening  for 
inserting  a  predetermined  quantity  of  an  ad- 
ditive  material  at  a  predetermined  rate  into  the 
molten  metal  flowing  through  the  opening  so 
that  the  additive  material  is  generally  homoge- 
neously  distributed  throughout  the  metal  within 
the  sample  cavity. 

2.  The  apparatus  according  to  claim  1  wherein 
the  opening  comprises  a  conduit  extending 
from  the  sample  cavity,  the  distribution  means 
being  proximate  the  conduit. 

3.  The  apparatus  according  to  claim  1  wherein 
the  additive  material  comprises  a  carbide  sta- 
bilizer. 

4.  The  apparatus  according  to  claim  1  wherein 
the  distribution  means  comprises  a  cap  mem- 
ber  secured  to  the  probe  and  covering  at  least 
a  portion  of  the  opening,  the  cap  member 
comprising: 
a  first  layer  of  material  having  a  first  predeter- 
mined  melting  temperature,  the  first  layer  of 
material  having  first  and  second  surfaces,  the 
first  surface  engaging  the  probe; 
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8.  The  apparatus  according  to  claim  4  wherein 

the  cap  member  generally  surrounds  the  open- 
ing  so  that  molten  metal  flowing  through  the 
opening  flows  generally  perpendicular  to  the 

45  first,  second  and  third  layers. 

9.  The  apparatus  according  to  claim  5  wherein 
the  cap  member  generally  surrounds  the  con- 
duit  so  that  molten  metal  flowing  through  the 

50  conduit  flows  generally  perpendicular  to  the 
first,  second  and  third  layers. 

10.  The  apparatus  according  to  claim  9  wherein  a 
flow  path  extends  through  the  cap  member 

55  and  communicates  with  the  conduit  for  the  flow 
of  molten  metal  through  the  conduit,  the  cross- 
sectional  dimension  of  the  cap  member  flow 
path  being  initially  smaller  than  the  cross-sec- 
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tion  within  the  sample  cavity  and  the  ad- 
ditive  material  is  homogeneously  distributed 
throughout  the  metal  within  the  sample  cav- 
ity. 

20.  The  method  of  claim  19  wherein  the  opening 
comprises  a  conduit  extending  from  the  sam- 
ple  cavity,  the  distribution  means  being  proxi- 
mate  the  conduit. 

tional  dimension  of  the  conduit,  the  cap  mem- 
ber  flow  path  cross  section  increasing  as  the 
molten  metal  flows  through  the  conduit  and  the 
layers  are  admixed  or  alloyed  with  the  molten 
metal. 

11.  The  apparatus  according  to  claim  5  wherein 
the  cap  member  generally  surrounds  and  cov- 
ers  an  entrance  end  of  the  conduit,  wherein  the 
first  layer,  second  layer  and  third  layer  are  10 
generally  parallel  to  each  other  and  form  a  21. 
raised  bump  generally  in  the  center  of  the  cap 
member. 

The  method  of  claim  19  wherein  the  additive 
material  comprises  a  carbide  stabilizer. 

22.  The  method  according  to  claim  19  wherein  the 
distribution  means  comprises  a  cap  member 
secured  to  the  probe  and  covering  at  least  a 
portion  of  the  opening  the  cap  member  com- 
prising: 
a  first  layer  of  material  having  a  first  predeter- 
mined  melting  temperature,  the  first  layer  of 
material  having  first  and  second  surfaces,  the 
first  surface  engaging  the  probe; 
a  second  layer  formed  of  an  additive  material, 
the  additive  layer  having  first  and  second  sur- 
faces,  the  first  surface  engaging  the  second 
surface  of  the  first  layer  of  material;  and 
a  third  layer  of  material  having  a  second  pre- 
determined  melting  temperature,  the  third  layer 
of  material  having  first  and  second  surfaces, 
the  first  surface  engaging  the  second  surface 
of  the  additive  layer  so  that  the  additive  layer 
is  generally  enclosed  by  the  first  and  third 
material  layers,  the  first  and  second  predeter- 
mined  temperatures  being  selected  so  that  the 
flow  of  molten  metal  through  the  opening  ad- 
mixes  or  alloys  with  the  molten  metal  the  first 
and  third  material  layers  at  a  predetermined 
rate  to  expose  the  additive  layer  at  a  predeter- 
mined  rate  to  the  molten  metal  flowing  through 
the  opening  whereby  the  additive  is  alloyed 
into  the  molten  metal  flowing  through  the 
opening  at  a  controlled  rate  to  provide  the 
homogeneous  distribution  of  the  additive 
throughout  the  molten  metal  within  the  sample 
cavity. 

12.  The  apparatus  according  to  claim  4  wherein  75 
the  first  layer  and  the  third  layer  comprise  a 
low  carbon  steel. 

13.  The  apparatus  according  to  claim  3  wherein 
the  additive  is  comprised  of  a  substance  which  20 
promotes  carbide  formation  in  molten  metal. 

14.  The  apparatus  according  to  claim  3  wherein 
the  additive  comprises  tellurium. 

25 
15.  The  apparatus  according  to  claim  3  wherein 

the  additive  comprises  bismuth. 

16.  The  apparatus  according  to  claim  3  wherein 
the  additive  comprises  tellurium  and  bismuth.  30 

17.  The  apparatus  according  to  claim  3  wherein 
the  amount  of  the  additive  added  to  the  molten 
metal  in  the  sample  cavity  is  an  amount  effec- 
tive  to  promote  carbide  formation  in  the  molten  35 
metal  sample. 

18.  The  apparatus  according  to  claim  17  wherein 
the  amount  of  the  additive  added  to  the  molten 
metal  in  the  sample  cavity  is  at  least  0.02%  by  40 
weight. 

19.  A  method  for  introducing  an  additive  material 
into  a  molten  metal  sample  comprising: 

(1)  providing  a  probe  having  a  generally  45 
enclosed  sample  cavity  with  an  opening  for 
directing  molten  metal  into  the  sample  cav- 
ity; 
(2)  providing  distribution  means  proximate 
the  opening  for  inserting  a  predetermined  50 
quantity  of  an  additive  material  at  a  pre- 
determined  rate  into  molten  metal  flowing 
through  the  opening  and  into  the  sample 
cavity;  and 
(3)  immersing  the  probe  into  molten  metal  55 
so  that  a  portion  of  the  molten  metal  flows 
through  the  opening  and  receives  the  ad- 
ditive  material  at  a  controlled  rate  for  collec- 

23.  The  method  of  claim  22  wherein  the  opening 
comprises  a  conduit  extending  from  the  sam- 
ple  cavity,  the  cap  member  covering  at  least  a 

50  portion  of  the  conduit. 
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